The primary objective was to establish population-based, sex-and age-specific reference data with respect to body composition variables. Secondary objectives were to relate body mass index (BMI) to anthropometric measurements reflecting central adiposity and to body fat (BF). Another objective was to examine if secular changes in adipose tissue distribution occurred during the sampling period, 1994-1999. DESIGN: Sex-and age-specific data on anthropometric measurements and body composition were cross-sectionally collected in the reference study of Swedish Obese Subjects. SUBJECTS: In total, 1135 randomly selected subjects (524 men and 611 women), aged 37-61 y, BMI 17.6-45.4 kg/m 2 . MEASUREMENTS: Measures of body fatness and fat distribution (by dual energy X-ray absorptiometry and anthropometry) were collected. RESULTS: At BMI 25 kg/m 2 , relative (absolute) BF mass was 24% (19 kg) in men vs 36% (25 kg) in women, waist circumference was 90 vs 85 cm, and sagittal trunk diameter was 21 vs 19 cm. BF and measures of centralized adipose tissue distribution increased with age in both sexes (Po0.01). In women, waist circumference and sagittal diameter increased (Po0.01) over the sampling period while BMI did not. CONCLUSIONS: Sex-and age-specific reference data on body composition are reported from a randomly selected sample of Swedish men and women. At given BMIs, women had more BF but smaller waist circumference than men. Secular increases in indices of central obesity were found in women but not in men.
Introduction
Assessment of body composition is important in studies of nutritional status, various disease processes and in examinations of risk profiles. 1, 2 General population data on body composition provide important references for interpreting results from such studies.
With aging, the quantitative relationships between body compartments change so that bone mass 3 and lean body mass 4 normally decrease while body fat (BF) increases 5 in both sexes. With the exception of studies based on skinfold, 6-8 BIA 9,10 and total body potassium (TBK), 6, 11, 12 few studies seem to provide sex-and age-specific information on BF and fat-free mass (FFM) in randomly selected populations. However, dual energy X-ray absorptiometry (DEXA) determined body composition has been measured in nonrandomized samples. 3, 13, 14 Also, bone mineral content (BMC) and bone mineral density (BMD) have been examined in several randomly selected populations. [15] [16] [17] Thus, the literature is lacking from descriptive DEXA-determined soft tissue body composition in randomly selected samples of men and women. The primary aim of this cross-sectional study was to establish population-based, sex-and age-specific reference data with respect to DEXA-based body composition variables. Secondary aims were to relate body mass index (BMI) to anthropometric measurements reflecting central adiposity and to the absolute and relative amount of BF as determined with DEXA. Another aim was to examine if secular changes in adipose tissue distribution occurred during the sampling period (1994) (1995) (1996) (1997) (1998) (1999) .
Subjects and methods
The SOS (Swedish Obese Subjects) reference study The purposes of the SOS-project are presented elsewhere. 18 The subjects of the SOS reference study, in the age range 37-61 y, and living in the cities of Mölndal and Ö rebro, Sweden, were randomly selected from a population registry using a computer-based procedure. Between August 1994 and December 1999, a total of 426 men and 532 women from Mölndal were examined. Between February 1995 and April 1997, 98 men and 79 women from Ö rebro were also examined. In total, 524 men and 611 women were thus examined. The over all participation rates were 53.7% for men and 57.6% for women (Table 1) .
Anthropometry
All anthropometric measurements in this study were performed with the subject dressed in underwear, after an overnight fast according to the procedures in the SOS-project. 18 Body height was measured to the nearest 0.01 m with the subject standing back to a wall-mounted stadiometer in bare feet. Weight was measured to the nearest 0.1 kg with calibrated scales. BMI was calculated as weight in kilograms divided by height in meters squared (kg/m 2 ). Two trunk circumferences were measured in the recumbent position. Waist circumference (cm) was measured at the level midway between the most caudal part of the lateral costal arch and the iliac crest at the end of a normal expiration. Hip circumference (cm) was measured at the symphysis-trochanter femoris level. Waist-to-hip ratio (WHR) was calculated as the ratio between the circumferences of waist and hip. Sagittal trunk diameter (cm) was measured using a carpenter's spirit level and a ruler. 19 The subjects were examined in the recumbent position on an examination Body composition in the SOS reference study I Larsson et al program for total body analysis (LUNAR Radiation, Madison, WI, USA). This scanner uses a constant potential X-ray source and a K-edge filter to achieve a congruent beam of stable dual-energy radiation. A quality assurance test was conducted on a daily basis, as recommended by the manufacturer. 21 The DEXA-scanner as well as software version used in Ö rebro was identical with the DEXAequipment used in the Mölndal population. According to the manufacturer recommendations, individuals with body weight r35 or Z120 kg cannot be reliably examined with DEXA (DPX-L-scanner). 21 Therefore, subjects with body weights above 120 kg were excluded from the DEXA analyses. No subjects weighted less than 35 kg.
The precision of the DEXA-scanner was estimated by comparing two separate examinations of 10 healthy nonobese subjects. The within-subjects coefficients of variation (within-subjects CV) were 1.7% for BF, 0.7% percent for LTM, 1.9% for BMC and 1.5% for BMD. In addition, the precision of the DEXA-scanner was examined in 50 obese subjects measured twice. The within-subjects CV were 2.0% for BF, 1.0% for LTM, 1.3% for BMC and 0.8% for BMD.
Human subjects
The ethical committee of Göteborg University approved the protocol and informed consent was obtained from all subjects before the examinations. Body composition in the SOS reference study I Larsson et al
Statistical analysis
A logistic regression model, adjusting for sex differences, was used to compare participants and nonparticipants (Table 2) . Descriptive anthropometry and body composition are presented as means (s.d.) for men and women separately. To illustrate age-related differences in body composition, the subjects were divided into one of five age groups: 37-41, 42-46, 47-51, 52-56 and 57-61 y of age. Age-trend calculations were also performed individually in all men and women in order to determine whether there were linear trends by age. A logistic regression model was used to determine whether there was a relation between age and prevalence of overweight or obesity, 22 where overweight (BMI 25.0-29.9 kg/m 2 ) was coded as 1 and normal weight þ obesity as 0. Similarly, obesity (BMI Z30.0 kg/m 2 ) was coded as 1 and normal weight þ overweight as 0. This nominal y-variable was regressed by age to examine age trends.
The Mann-Whitney U-test was used to test for sex differences in distributions of body composition components. Linear regression analysis was used to test the relationship between BMI and DEXA-determined BF or anthropometric measurements. Age and BMI 2 were added as predictors, both separately and together. Those predictors that appeared statistical significant were used in the equations presented in legends to Figure 2 and Figure 3 and text. A secular trend analysis was performed separately in men and women in order to determine whether there were associations between adipose tissue distribution and examination year when adjusted for BMI and age. A Po0.05 significance level was used in two-sided tests. The statistical analyses were conducted with JMP statistical software package, version 4.0 (SAS Institute Inc., Cary, NC, USA).
Results

Participants and nonparticipants
The number of randomly selected and in fact examined subjects are given in Table 1 . In the Mölndal part of this study, 415 subjects (61%) were examined between 1994 and 1996 and 265 declined participation (Table 1) . A total of 129 nonparticipants (49%) were able to be contacted and interviewed by telephone. Compared with participants, nonparticipants differed significantly on only three of 14 background variables: nonparticipants more often had manual work, were smokers and were less often ex-smokers (Table 2) . Corresponding analyses for the Ö rebro and Mölndal 1997-1999 samples were not conducted. This study reports results from the 524 men and 611 women who were examined between 1994 and 1999 in the two cities (Table 1) .
Anthropometry and body composition by sex
Women were shorter and had lower body weight, BMI, waist circumference, WHR and sagittal trunk diameter (Po0.001) than men (Table 3 ). There were no sex differences with respect to age (men: 49.7 (7.0); females: 49.2 (7.0) y) or hip circumference (Table 3) .
Despite lower BMI, women had a larger BF compartment than men (Po0.001) ( Table 4) . While the absolute amount of BF differed moderately between sexes (men: 20.3 kg, women: 23.9 kg), the relative amount of BF differed markedly (men: 24.1%, women: 34.6%). LTM (kg) and FFM (kg) were about 30% lower in women than in men ( Table 4) .
The percentage distribution of individuals by FFM classes differed markedly (Po0.001) between men and women ( Figure 1a) . The distribution of BF was also different between sexes (Po0.001; Figure 1b) . Figure 1b , the BF distribution was more shifted to the right in women than in men (Po0.001).
Women had 22% less BMC (kg) (Po0.001) and 4% lower BMD (g/cm 2 ) (Po0.001) than men (Table 4) .
Anthropometry and body composition by age and sex
In this cross-sectional study, the increase in BMI with age seemed to be more related to decreases in height than to increases in body weight, especially in men (Table 3) . While waist circumference and sagittal trunk diameter increased by 7-10% from the ages of 40-60 y, hip circumference increased by only 2-3% in both sexes (Table 3 ). This indicates that the weight and BF increases were preferentially located in central trunk regions.
The mean prevalence of overweight was 47.3% in men and 28.0% in women ( Table 3 ). The corresponding prevalence of obesity was 10.1% in both sexes.
While the prevalences of overweight increased with age in women, the trend was less clear in men (Table 3) . Obesity increased with age in both sexes.
LTM and FFM (LTM þ BMC) decreased slightly with age in women alone, while total BF increased markedly with age in both sexes (Table 4) .
BMC and BMD decreased with age in both men and women, especially after the age of 50 (Table 4 ). The oldest men had approximately 2% lower BMC and BMD than the youngest men, while the oldest women had about 6% lower BMC and BMD than the youngest women (Table 4) .
Relationships between BMI, BF and adipose tissue distribution
The relationships between BMI and BF are shown in Figure 2 . In men, the absolute amount of BF seemed to be linearly related to BMI since BMI 2 did not improve the explained variance. In women, a weak curvilinear relationship was found between BF (kg) and BMI. Age did not contribute to the prediction of the absolute amount of BF in either sexes. The relative amount of BF was curvilinearly related to BMI in both sexes. In women, age (Po0.001) also contributed to the prediction of percent BF. In men, BMI 25 kg/m 
Secular trends of adipose tissue distribution
In women, age and BMI-adjusted waist circumference and sagittal trunk diameter increased on average 0.4 cm (Po0.01) and 0.2 cm (Po0.001) per examination year (Table 5) . Corresponding increases were not seen in men. No secular trends were observed with respect to BMI or BF, neither in men nor women. The mean age was unchanged over the five sampling years.
Discussion
This cross-sectional study examined body composition in randomly selected men and women aged 37-61 y. BMI increased with age in both sexes. In men and women, the prevalence of overweight was 47.3 and 28.0%, respectively. The prevalence of obesity was 10.1% in both sexes. Although women had a lower BMI, they had greater BF than men. 
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The prevalence rates of overweight and obesity found in this study were in line with results from the larger Survey of Living Conditions in Sweden, 1996/1997. In that survey, comprising 5596 males and 5821 females, aged 16-84 y, adjusted prevalences of obesity (BMI Z30 kg/m 2 ) were 10% in men and 12% in women. 23 Similar prevalence rates were obtained in the Swedish part of the WHO MONICAproject. 24 Thus, our smaller but more detailed study seemed to be representative for Swedish middle-aged men and women.
In both sexes, observed increases in BMI with age were more related to decreases in height than increases in body weight. This finding is in agreement with earlier crosssectional 11, 25 and longitudinal 26 studies.
There are few published studies on measured BF and FFM in randomly selected samples from general populations. To our knowledge, no data on DEXA-determined BF and FFM have been published in randomly selected study groups. However, our BF results are of the same magnitude as in several studies comprising nonrandomized 3,4,9,27-30 study groups. In these studies FFM is not always reported. Several of these studies have demonstrated an increasing BF with age. 3, 4, 9, 27, 30 BMC and BMD seemed to decrease faster with age in women than in men in agreement with several earlier observations. [31] [32] [33] [34] Corroborating findings from three other cross-sectional surveys, [35] [36] [37] age-dependent increases in WHR and in waist circumference were observed in both sexes. Furthermore, the observed relationship between BMI and waist circumference in males corresponded well with several other studies. 9, 35, [38] [39] [40] In women, however, waist circumference seemed to be greater relative to BMI in our study than reported in other studies. 9, 35, [38] [39] [40] [41] A group of 50 y old women (n ¼ 98) examined in 1992/ 1993 and living in the same geographical region as the current study group had a mean BMI of 25.0 kg/m 2 and a waist circumference of 80. 3 (12. 3) cm. 41 The average age of our women was 49.2 y and at BMI 25.0 kg/m 2 , the average waist circumference was 84.9 cm (see Figure 3) . Thus, our women had a waist circumference that was 4.6 cm larger.
This finding suggests a secular trend in abdominal obesity among women. When adjusted for age and BMI, waist circumference increased by 0.36 cm per (examination) year in our female sample, while no corresponding change was seen in males. This increase in waist circumference over time in females was supported by a similar secular trend in sagittal trunk diameter. Thus, abdominal obesity in women seems to be increasing in spite of no secular trends in BMI or BF. There are at least two factors that limit the generalizability of our results. Firstly, participation rates (54% in men and 58% in women) were low. Although low participation rates in population-based studies have become an increasing problem in several countries, 35, 38 our nonparticipation analysis indicated that participants and nonparticipants were similar in most respects. Also, the results in the current study are limited to individuals between 37 and 61 y of age.
In conclusion, this study has provided age and sex specific reference data on body composition. We found that DEXAdetermined BF and measures of centralized adipose tissue distribution increased significantly with age in both sexes in our middle-aged random sample of the general Swedish population. Furthermore, secular increases in central obesity measures were observed in women but not in men over the 5 y sampling period. Finally, sex-specific equations relating BF, waist circumference, WHR and sagittal trunk diameter to BMI have been provided. Waist circumference or sagittal diameter was multivariately regressed by examination year, BMI and age as independent variables in men and women of the SOS (Swedish Obese Subjects) reference study. **Po0.01, ***Po0.001, NS ¼ not significant.
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